A class of cis-regulatory elements, called enhancers, play a central role in orchestrating spatiotemporally precise gene-expression programs during development. Consequently, divergence in enhancer sequence and activity is thought to be an important mediator of inter-and intra-species phenotypic variation. Here, we give an overview of emerging principles of enhancer function, current models of enhancer architecture, genomic substrates from which enhancers emerge during evolution, and the influence of three-dimensional genome organization on long-range gene regulation. We discuss intricate relationships between distinct elements within complex regulatory landscapes and consider their potential impact on specificity and robustness of transcriptional regulation.
Introduction
The accurate, precise, and robust regulation of gene expression during development is a cornerstone for complex biological life. Much of this information is encoded by cis-regulatory elements called enhancers, canonically defined as short (100-1,000 bp) noncoding DNA sequences that act to drive transcription independent of their relative distance, location, or orientation to their cognate promoter (for a historical perspective on the discovery of enhancers, see Schaffner, 2015) . Although enhancers share many features with other classes of cis-regulatory elements, especially promoters (reviewed in Kim and Shiekhattar, 2015) , it is their ability to activate transcription over long genomic distances that sets them apart. This feature allows a gene to be regulated by multiple distal enhancers with different spatiotemporal activities, facilitating enormous combinatorial complexity of gene-expression repertoires (and, in turn, a vast array of cellular states) using a relatively limited set of genes. In addition to their central role in developmental gene regulation, enhancers are fertile targets for evolutionary change, as they are both cell-type specific (allowing for modulation of target gene expression in specific tissue context without affecting other pleiotropic gene functions) and commonly exist in groups of redundant elements (facilitating accumulation of genetic variation by buffering the risk of lethality) (Levine, 2010; Wittkopp and Kalay, 2012) .
For decades, most of the key insights into enhancer function and divergence have come from Drosophila genetics. However, recent years have seen a renewed interest in long-range gene regulation in many species, including mammals, fueled by the increasing availability of genome sequences, great technological progress in the fields of genomics, genome editing, and imaging, as well as the realization that disease-and trait-associated genetic variants frequently map to enhancers. Insights into genome folding have revealed that most metazoan chromosomes are partitioned into self-associating topological domains that restrict enhancer search space for target promoters. Furthermore, comparative epigenomics from both closely related and more distant species have afforded us a better glimpse into cis-regulatory evolution and constraint. Here, we discuss these new developments and give an overview of our current understanding of the general principles of enhancer function and evolution.
General Principles of Enhancer Function Enhancers as Clusters of TF Binding Sites
Functional enhancers are composed of concentrated clusters of transcription factor (TF) recognition motifs. Generally, enhancer activation requires the binding of multiple TFs, often including both lineage-specific factors and sequence-dependent effectors of signal transduction pathways, thereby ensuring integration of intrinsic and extrinsic signaling cues at these elements (reviewed in Buecker and Wysocka, 2012) (Figure 1) . One reason why the action of multiple TFs is essential is that regulatory element sequences have high intrinsic affinity for histone octamers (Tillo et al., 2010) , creating a strong barrier for access of TFs to the underlying DNA. Cooperative binding of multiple factors in close proximity (i.e., less than one nucleosome length) is thought to play a major role in overcoming the energetic barrier of nucleosome eviction, thus facilitating downstream effector binding and enhancer activation (Spitz and Furlong, 2012) .
